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Under the sponsorship of the Office of Naval Research (ONR), an integrated acoustic and oceanographic
field experiment was conducted jointly by the Naval Postgraduate School (NPS), the Woods Hole
Oceanographic Ingtitution (WHOI), and the University of Rhode Island in the Middle Atlantic Bight
(MAB) to study the propagation of sound from the continental slope onto the continental shelf. The
primary goa of this thesis is to examine the influence of environmental factors on broadband transmission
loss (TL) spectra near the shelf break by analyzing the power spectral density of Signal Underwater Sound
(SUS) transmissions. Measured broadband spectra are compared to numerical solutions in an attempt to
determine which environmental factors dominate the TL structure. Results of such analysis are considered
in the context of optimal frequencies of propagation for the MAB region.
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A moda approximation for the self and mutual radiation impedances has been derived for arrays of
spherical transducers with small ka values, where ka is the acoustic wave number multiplied by the radius
of the sphere. Thisistermed “Modal Pritchard” approximation, as it is related to the so-called Pritchard
approximation, often employed to calculate mutual radiation impedances. The utility of the approximate
mutual radiation impedance expression for three two-body problems (monopoles, aligned dipoles, and
aligned-linear quadrupoles) was investigated. For these cases, approximate values were found to be in
good agreement with those aobtained using a full Spherical Addition Theorem calculation, and are an
improvement over the simple Pritchard approximation. Additionally, the mutual radiation impedance
expression in one particular three-body problem was investigated. Because of the Moda Pritchard
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approximation’s inability to correctly handle scattering, using the full Spherical Addition Theorem
calculation is recommended when scattering is important.

Finally, the use of a new finite element mesh to calculate the T-matrix for a given transducer was
investigated. The T-matrix relates the incident and scattered waves for a single transducer, in an
orthogonal (spherical harmonic) basis set. The monopole element showed an increase in error, while some
improvements in the higher-order diagonal elements were observed. Off-diagonal elements, which should
be zero for a spherical scatter, were satisfactorily small in most cases. Although the results were less than
favorable, the ability to streamline the T-matrix calculation while providing a new method of examining the
off-diagonal elements was achieved.

DoD KEY TECHNOLOGY AREAS. Sensors, Manufacturing Science and Technology (MS&T),
Modeling and Simulation

KEYWORDS: ATILA-Finite Element Code, Mutual and Self Radiation Impedance, Norma Mode
Spherical Harmonics

50



